UNCLASSIFIED

AD NUMBER

AD682585

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 1955.
Other requests shall be referred to
Commanding Officer, Fort Detrick, Attn:
SMUFD-AE-T, Frederick, MD 21701.

AUTHORITY

SMUFD D/A 1ltr, 14 Feb 1972

THIS PAGE IS UNCLASSIFIED




TRANSLATION NO. 4. &

PATE: /5

DDC

e -~
' FEB 271969
/Hquumu WolLaus

£

DEPARTMENT OF THE ARMY
Fort Detrick .
Frederick, Maryland e

diw!:l»' ‘ ool

————ne e s




C

2085

4D

00

REGULATION OF THE DEGREE OF DISPERSION OF LIQUID AEROSOLSE CBTAINED BY

THE CONDENSATION METHOD

A. G. Amelin and M. I. Belyskov

Liquid aerosols are obtained by two methods differing in principle: mechanical pulverization of the liquid and
the condensation method. The great advantage of the condensation method for the production of liguld aerosols iles
{n its cheapness and simpliciry. The explanation is that {n the condensation method the subdivision of the liquid
takes place by using the energy of combustion of the fuel and is eficcted without the use of cumbersome and complex

compressors which are generally wed in mechanical subdivision of liquids.

The simplest method for the production of liquid zerosois by the condensation method consists of mixing the
vapors of the toxic sgent, or of 4 mixture of vapore of the toxic agent and & solvent, with alr, In this case the liquid
acmoso! is formed as the result of the condensation of the vapors in the space on mixing with the colder afr.

‘The required dropiet size in the aerdsd cloud varfes in accordance with the nature of the cbject to be reated
{1}. For example, in the treatment of closed premises it fz desirable *~ use an aerosol cloud consisting of droplets
of the smallest possible size. Conversely, in the weatment of field crops the presence of small droplets in the azrosol
cloud is undesirable, as such droplets are carrfed long distances by the wind and are not util{zed in praciice. There~
fore, aerosol equipment shouid ensure the regulation of the Zzgree of dispersion of the aercsols produced within wide
limite, However, experience shows that in the condensation method jiquid aeroeols are usually obtained with a very

high degree of dispersioneand for this resson thair field of appucation i3 limited.

Condensaion of vaper ia space and farmation of liquid droplets takes place {n presence of supersaturated va-
per, when the superssbsratian reaches the critical value or exceeds ™e critical value, This may be expressed by the

equation
$ =8, (1)
and
2 - . 2
5 P, (2)

where P and P, are the vapor pressure in the gas and the saturated vapur pressure. As the saturated vapor pressure Py
iv & function of the emperanwre, equsation (2) may be written:
P
(3)

§ = ——

iy’

It follows from equation (3} that, in orde: to determipe the supersaturation of the vapor which eccurs and so to
establish the possilility of space condensation of the ~apar, it 15 pecessary to know the presswe of the vapors in the
g4seous rilxture and the temperaiure of this rixiure, These values depend on the quantitative ratlo of the mixing

streains, which may be expressed by the following equations,

P = {(n), )

t=pn) &

n=3 (6)
Yy

where g, and g; are the amounts of the first and secund gas. It follows from equations {4-6) that supersatwation of
the vapors {s aiso & function of the guaatitative ratio of the mixing streams, Le,, (t depends on the coeffictent .

The mixing of the vapors of the ligwid with als in the production of quid aesosols 1s usuaily effected in a
stream, an.i therefore, (n the present work & study was made of the reguistlon of the degree of dispersion of liculd

aerosols obtriaed i1 & free stream,
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Fig. 1. Diagram oi free stream {explanstion in text),

The free stream {s diagremmatically represented in Fig. 1. The vapor-gas mixture &t & teviperature T, and
vapor pressure Py emerges with & velocity u; under a certaln excess mwessure from the jet 1, which conslste of 3 mbe
with an opening of radius R at the outlet, As the result of contact with the air, the velocity of which i3 u,, the win-
peratre Ty and vapor pressure Py, some air is sucked inze the region of the strram snd mixes with the gar sream
emeiging from the fet. The reglon of mixing of the gases is Umited by two straight lines, forming an angle of
~ 14° with the axis of the stream: these straight lines meet at the pole O of the stream and feterm’se the boundaries
of the sream [21.

W Tegion o Uie stream which steris at the edge of the jet AC and continues up o the section MN {the inidal
region of ihe stream) containg & centra: core of constant flow rates {ABC). In this core, thz values for the chasacteris-
des of the origi=al jas sweam, i..., e gas ciumiging from the jet, Ty, Py uy, iemain wchanges,

1f, for a certain pofnt m within the stresm, we denote the ve scity component in ¥ - direction of the 2xis of
the stream by u, and ia the direction of the cross-section of the stream by v (Fig. 1) and If we assume thas the otigin
of ¢ coordinates {3 at the pole of the stream, then the velocity of the stream along the X axis wili be siwsyvs posi-

uve, and slong the Y axis 1t will be positive near the axis of the stteam and negative near the boundary of the surcam,

Thiy explains the entry of the surmunding gassous mixture into thr ttrexm and the mixing of the gaseous streams,

ix follows frem the theory of free {low that in the main part of the saeam the flow rate, temperature, yspor
pressure. and vapor supersaturation at any point in the stream fs deterinined by the position of this zeglon, 5=, by the
coordinates X and ¥, Therefore, the values of their may be expressed by the equsdons:

u =X, Y) 5
t=yeX, Y) )
Pepe(X, Y), (9
$ = (X, Y) {19)

where u, and u are the flow ratey; ty and tare the stream tempeiatisey, and Py and P are the vaper xessuies in the Jet
and in the r'ream.

In ths production of iiquid aerosols for combating agricultural pests, substasnces of high bolling peint are
generally used a: solvents far the toxic agents. Therefare, when these yapors are mvived with air, which has  rela-
tively low temperature, very high vapor superseturation occurs in the {teid of flow.

Fig. 2 shows the values ¢f t, P, u, and S along the axis of the strean, calculate.! for the mixing of aly comtalne
ing glycerin vapor with atmospheric sir {n & free stream. It {3 seen from these data that the changesof 1, P and u
ajong the axis of the stream are similar in character; thelr values decrease with increasing distance from the ransi-

tonal section of the stream. The vapor supersaturation increases at {lrst, reaches 2 meximwn value, and then de-
creases,

Fig. 3 shows the values of t, P, u, v, and § at the cross-sections 1, 11, and ITI (Fig. 2). It {s secn from Fig. X
that the changes (n LPu and v aleng the axts of the szeam, ie., alony the Y axia are also similar {n chaiacter,
In ali the secuyons of the stream there is & vniform decresse in thesms values from the axis of the streain 10 {ts boun-
darles, In all sections of ~“e stream vapor superssaturation pamed through & maximum, and in some seciions iwo
maxims are {found, The data for vapor superssturation shown in Fige. 2 and 8 are arbitrary, as they were obtalned
without allowance for the ~-ndensation of the vapar: im the space, The changes iz the velocity of the gas flow along
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the Y axis in different sections of the stream have the same character. The velocity of the gas flow commences at
zeir 21 v axis of the streem, then decreases, and assumes & negative value at the boundaries of the stream, The
arnative 7atue of the velocity along the Y axis at ihe boundaries of the stream explains the entry of atmospheric air
inwe the slrear which ensures mixing of the flows,

The rate of droplet formation { and the droplet
radius 1, depend (3] on the vapor ~upersaturation and the
temperature:

I= 9, v (1)
r=1s v, (12

Thus, with the a1d of equations (7-12) it is posdble
1o determine the number and dimensions of the droplets

5 j;f%‘_u formed in the °ream.
- 1%?):* {'\\m\ The condensation of vapors :n the spoc - and diopiet
50 e formation take place as the result of condensation of the
S o) S vapors at condensation centers which exist {n the gaseous
;. Zfa .411‘ mixture or are spontaneously formed in it. In practical
S T . conditions the particles suspended {n the air, and lons, have
ar no signiftcant influence on the process of formation of
¥ 0oL liquid aerosols, as the number of dust particles tn 1 cm?
& I ﬁ“”“‘“ﬁo\ of atmospheric afr rarely exceeds 10‘, while the number of
§~ ‘:g‘ \M droplets in 1 ¢r"  the gaseous mixiure in the zone of
* their formation s 10°—10'; consequently, the formation
S of droplets of the liquid occurs mainly as the result of
.‘g,., 2 i p«""—’o condensation of the vapors at condensation centers, which
6 ﬂ// ~ are of the natwre of fluctuational coagulations,
..1 A i L

When vapors are mixed with a colder inert gas, the
supersaturation which arises is unequal in the region of
mixing (Figs. 2 and 3) in some rey, ons the highest or
marimum supersaturation {s set up. In reaity thus super-
sefuration {s not always attained, as congensation of the
vapors in the space and a decrease of supersaturation takes
place before that. Maximum supersaturation of vapor {s
an {mportant index of the process of new phase formatlon,
and may be caiculated for cach concrete case; (t depends on the ngture of the liquid and also on the natwre of the
mixing streams, and does not d2pend on the method of mixing [4].

Fig. 2. Values of the temperature {) vapor pres-
sure (P) and vapor supersaturation (log S) along
the axis of the wream; 1) the marimum supersatu-
ration ¢f the stream,.

in the produciion of Lignid acrosols in & stream, the maximum supersaturation always exceeds the critical v ' ¢,
<nd 3t is always set up nght by the edge of the jet. This Is seen from Fig. 2, where the curve for the maximum super-
ssturanien of vapor originaies st the jet and passes through all the regions of the stream. Hence the condensation of
vapors i anc space and the formation of primary droplets conunences right by the edge of the jo:. Subscquent vy,
vapor condensarion takes olac.. .n the surfaces of these primary droplets in the region whore the supersaturared vapor
1s formed,

Hewsver, the process is metarded because in vapor condensation Loat ts evolved, which ratses e temperature
af the droplets, and this lowere the pressure difference which determines the vapor condensation rate at the dropict
surfaces, Therofore, despise the existence of vapor condensation on the surfaces of the available dropiets, the vapor
supersaluration rematns Wgn and as a result vapor condensation in the space and forma:ion of new primary droples
oceur simultancously. Because of the high rates of flow {n the stream, turbulent coagulation 1s of great signiitcance,
ang as 4 result the dropiet size increases.

Thus, in the {ield of the sweam, formatton of primary droplets and growth of previously foried droplets due
to condensation ef vapore i them end o coagulation, takerplace dmultancowsly, Therefore, the final droplet size,
o1 the deyree of diapession of the eerosol formed, depends on the ratio of the velocity of formation of the primary
drapiets and the rate of vapar condensation on the suilace of the existing droplets.

iy

fencz, Mt follows that te {rorovie ™= n can diameter of the droplets {n the aerosol fornied il .s necessary o st
up co. ‘idons tn the stream whick canuy the condensation of the miajor purtion of the vapor on the surfaces of a smail
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number of droplets, and therefore the probability of new droplet formation must be decreased a3 much as possible.
Conversely, for a decrease of tle meansize of the droplets {1 {s necesary to set up conditions which ensure the forma-
ton of new primary dreplets durlng the eatire process of <tream mixing. and to restrict the condensation of vapers on

the droplets previously formed as much &2 possihla. Q
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Fig. 3. “aluesof t, P, u, log S and ¥ in various sections of the sream; 1, 2, 3) 1, il 11! sections (see Fig. 2),

The vapor pressure, temperature, and maximum vapor supersaturation in the fleld of the stream are practically
tndependent of the velocity of the vapor-gas mixnre in the jet: they are determined by the position of the poini under
consideration, 1.e., by the coordinates X and Y. However, the flow rate In the field of the streamn directly depends
on the veioclty of the vapor-gas mixture {n the jet, and therefore, the lower is the velocity of the vapor-gas mixture
in the jet, the lower {s the velocitv in the fleld of the stream, and this correspondingly fricreases the time during
which the vapor-gas mixture remalns in tue reglon of supersaturated vapor. Hence tt follows that the vapor super-
saturauon will be decreased by vapor condensation on the surfaces of the droplets fornied v the start of the stream
(near the jet 1o an Increa:ing extent with decreasing velocities of the vapor-gas mixture i $e jet. The pre* oility .
of formation of new primary droplets will corespondingly decrease.

From the above it follows that re~ulation of the degree of dispersion of ilquid aerosols obrained by mixing va~
pors with aumospheric air in @ stream, may be ¢ffected by varlation of the veloctty of the vapor-gas mixture tn the
jet  This permiturelatively «f nnje regulation of the degree of dispersion of aerosols {n wiee jimits.

The time during which the droplets remain {n the supersaturated vapoi  gfon is detzimined not oniy by the
veioclty of the vapor-gas mixture .n the jet, but by the dimensions of the jet. This follows from the fact that the
linear dimensions of the region in which supersaturatedivapor {3 formed are determined by the coordinates X and Y
and are in dizect dependence on the jet dlameter. Therefare, for a given velocity of the vapor-gas mixtwe in the
jet, the time during which the dropiets remain (n the supersaturated vapor region depends on the jet diameter,

The aim of the laborstory investigations {ncluded the ver{fication of these basic views. Fig. 4 showy a diagram
of the labo..‘ory apparatus,

The thermo..at 1 contains, at & certain height froin the floos, & coii evaporsator 2, made out of giass (uling 25
mm diameter and having a total surface of 1107 cm’. To maintaun the required temperature in the thermostat, it

ed,
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contains a contact thermometer 2, sultably connected to the elects‘cel heating system 4, which ensures regulation
of the temperature 10 an accuracy of +1°A fan, 5, is tnstalled in e thermostat 1o level the temperature, Air from
the blower 6, after passing the ow meter 7, enters the evaporator, where it becomes saturated with glycerin vapor, o
and is then directed along the heated and insulaled tube 8 to the jet, the dimensions and construction of which are
varled according to the alms of the expertment. The tem 2rature of the gaseous mixture at the exft from the eva-
porator ana af the jet {s measured by means of the thermwcouples 10,

Fig. 4. Diagram of the laboratory apparatus for the preparstion ~f liquid aerosols by the
condznsation method (explanations 1n the text).

The liquid used was glycerin, which hai & high boiling point, and for which the necessary data for the sub-
sequent calculations (surface tension, viscosity, vapor pressure, etc.) are availavle (n the literatuwre. It was also
taken tnto account that giycerin was aiready used previously for swudytng liquid acrotols (n isborastory conditions (6).

Fig. 5. Jet with metal tip (explanations tn the text),

At the exit from the jet the glycerin vapor inixes with the colder surzpounding air, vapor condensation tures
place {n the space, and an aerosol cloud is formed, which & drawn into the canicsl pipe 11, attached to the wall of
the exhaust hood, 12, The conical pipe has a partition with & round opening in the middle, by mears of which the
aerosol cloud, diluted with air, goes toward the trap 14 for :ampling. Equal az -ipiing conditions are ensured by the
fact that 3 constant reduced pressure, messured by the manometer 18, {s maintained in the exhaust hood.

The degree of dispersion {n the aerosol cloud s determined by counting the number of dropleus in & certaln
volume of the cloud, and measwi~ment of the diameter of these droplets. This met! “d {s very laboricus, but it en-
sures relfable results,

For taking 8 sampie of the aerosol cloud, a metal map (s wed, in which two microscope slides are fixed, Afver
a sample of the gas Is taken, the wap is aliowed W remadn for 1 hour to allow the droplets to settls on the slides, a.d
the slides are then examined unider the microscope.

The jet used in the iabotatory experiments was the ‘ron funnel chamber J with a dismeter of §0 mm and length
50 mm (Fig. §). The tnsert 2 with openings of 2.8, 7.8, 1A, and 30 mm for the pamsage of the vapar -gas mixture,
was placed ingde the chamber; without the inserrs the opening (af he chamber itself) was 50 mm. In experiments
with 20 and 50 mm jet openings, the metal discs 6 of 20 and 30 mun dlameter were insesied ia the jet, to distribute
the vapor-gas mixaire over the entire sectiom of th: jet,

11




The condiuons for the laboratory experiment were the foilowing:

Temperature of the vapor-gas mixture ai entry into the fet. , .. .. ..., ... .. Lo
Temperature of the surrpounding afr . .. .. .., ... .. e e Pt
Volume of alr entering the evaporator . . . .... ... ..... e 0.6 m*/nour
Amount of evaporated giycerin. . ... L L L L e . .0.328 kg/hour

The results of the experiments are shwon {n the Table and in Fig. 6. it {3 seen from these results that the mean
diameter of the droplets increases with decrease of the velocity of the vapor-gas mixture in e jet. Thi. . fuli
agrzement with the sbove views that with decreased velocity of the vapor-gas mixwre (n the jet, the ume during
which the droplets remain in the supersaturated vapor zone increases, and the amount of vapor condensed on the drop-
let aurfaces becomes greater, which ultimately leads to an increase of the mean droplet diameter,
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Fig. 6. Differential cus. o3 for droplet distiibution in Fig 7. Values of 1) temperature [ L) vapor pressure P,
the basic experiments, with jet liameters: 1)2.5; 3) vapor supersaturation §; 4) mean diopletr diameter d
23 7.5, 3} 15; 4) 30 mran, the fleid of the soeam at various distances | from the et

Th- experimental results obtained convincingly coaftrm the wuth o7 the theoretical views put forward ahove,
snd show that the degree of ditoersion of 1tquid aeromls obuained by the condensation method may he varicd w.thin
fairly wide limirs.

The experimental data are {n good agreement with thr caiculated results, The development of vaicuiatiin
e g B f

methods for the degree of dispersion of liquid acrotols obtained in & stream i3 of great practical impertance. We,

therefore, did a great deal of work {n order 1o obtaln z sufficlently convenient calculation methad,

This calculaiion is based on the theory of mist formation and the theory of 1 free yream, The mincipie of
the cal~ulation 15 that the “leld of the tree stream is ¥ -okena up inte several arbitzary regions, and the vaives of u,
T. P, S I and 1 s dewermined for eac. The mean vaiues of these are taken over the whole regton. Together with
a calcuiauon of the numberr of the droplets formed and of their dimensions, the amouni of vapor condensed on these
dropiets and tiie ~oagulauon of these droplets is conaidered. The resuits oblained for each region are then used w
obtain mean vajuves for the whole field of the free stream,

A fuii caiculsuon was made for the expervment with & jet dlameter of 2.5 mm. The field of the {free sireary
it which ‘e vapor condensation per-cess beginy and eads, was broken up {nto 31 regiony, and &'l the valyes were de-
termined for each re zfon,

tig. 7 shows the valculation “osuits, The2 abscissa axis shows the distance of the region from Cie edge of e
jet. and the ordinate axis gives the values ¢f {, P, 5 and mean droplet diameter. It i seen rom the Figure mat wiin
increaung distance from the edge of the le the values of © and P gradually decrease. The mean diametisr of the

droplets at the end of the process 2 2.8 u. From the experimental data this valuve 16 1.6 5. The aieement i faiy
cloie.

The highei value of the mean dropiet diamete: obtained by calculstion ts explaned by the f3ci it tie mean
VapOr supersatwation (n each region i3 asswmed (o the calculati~n, In fach the Yapor suDEIsAtUrALION YATIEY considela-
bly over the croas-secticn and dhe rate of farmation of droplen .n the region varies correspordinglv. Therefurr, (e
calculation gave a smalier number of dioplets, and conseguenily the mean diameter cbtained was greater.
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Degiee of Dispersion of Giyeerin Aeroso! - Relation to the o' ™'reme v

Jot diz= i Number of dropiets, in%, having he &‘a;;r—mer, in g i Mean dioplet diameter,
peterta |01 -2 2-4 4-8 8-1F | 18-32 inp

mim i

o ) 10 2.3 ~ - - 1.53

.5 PsB4 1 320 11,3 9.8 2,03 - 2.85

i5 {193 34.5 27.3 17.9 .83 - 5,58

a0 b~ 24.4 28 8 43,0 5.74 - 7.31

52 L4t 0.4 18.¢ 26.1 10,0 0.41 9.89

SUMMARY

1. The infiuence of varicw factors on the degree of dispersion of Hquid aerosols obtained by the condensation
metnod in a iree «ream has been established.

A

2. Tne posubliity of regulaton of the mean drupler diameter by vartation of the rate of mixing of the gas
sreams has been conflrmed,

3. Puncipies are put forward for caiculation of the degree of dispersion ¢f Lguid aerusous obtained by the con-
desation method in a free stresam, and calcuiation results are given for the mixng of giycerin vaper with s+mospheric

&ir,
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